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TIME PREDICTION: AN ALTERNATIVE APPROACH
lan Nigel Mehrtens
ABSTRACT
The construction industry and its commercial and industrial clients have 
become increasingly aware of the importance of time in the planning and 
constructiion of projects. A comparison of the construction industries in 
the UK and the USA concluded that orthodox contract procedures in the UK are 
largely determined by public sector requirements of accountability and 
control, whereas private sector requirements are for speed and a clear 
allocation of responsibilities and tasks. The important relationship between 
time and cost has not been studied to any extent in UK practice.
It is clear from the little research that has been undertaken that the 
subjective methods of time prediction adopted by surveyors in the UK are far 
from being adequate when it can only be expected that 50% of contracts will 
meet the stipulated contract period. The problem is one of trying to predict 
a time period without being able to fully anticipate all possible future 
events. To date the industry has had no scientific method of making that 
time prediction, moreover it is often left simply to the judgement of a 
professional quantity surveyor. In order to provide a better and more 
effective time and cost control system, it is imperative that a more accurate 
system or predicting time is devised.
This research then aims to identify the factors affecting the time aspect of 
construction, to suggest which of those could be anticipated at a given point 
during the design procedure and to prepare a model whereby the time for 
consturction can be accurately predicted.
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CHAPTER ONE
INTRODUCTION
CHAPTER ONE
INTRODUCTION
The construction industry and its commercial and industrial clients 
have become increasingly aware of the importance of time in the 
planning and construction of projects. A comparison of the 
construction industries in the United Kingdom and the United States 
made by the Royal Institution of Chartered Surveyors (1979) concluded, 
inter alia, that orthodox contract procedures in the United Kingdom 
are largely determined by public sector requriements of accountability 
and control, whereas private sector requirements are for speed and a 
clear allocation of responsbilities and tasks. The important 
relationship between construction time and cost, however, although 
dealt with on a theoretical basis by Hillebrandt (The Economics of 
Construction), has not been studied to any extent in practice.
It is a common complaint of the client who obtains finance from an 
external source, that any increase, or indeed decrease, in the actual 
contract period can prove to be very expensive. A contract completed 
early is as much a failure as one completed late; the client may not 
obtain any benefit from early completion and may have paid out monies 
before it was needed thus losing interest on capital. It would, 
therefore, be an advantage to a client if he could be assured that, 
assuming there are no design modifications or any other unforseen 
changes, the contract period will remain as predicted.
The time/cost relationship is a very complex one that has attracted 
few research studies and is defined as the time taken to complete the 
project to practical completion (contract duration) as a function of 
cost (estimated contract value). Cost was chosen as the major 
explanatory variable, rather than size or some other factor, because 
it is considered that cost is a measure of both size and complexity. 
This is of course affected by many other factors and it is anticipated 
that these will be identified in the regression analysis carried out. 
It is assumed therefore that, for the purpose of this research, cost 
is taken as a proxy measure for size.
Contract period is defined as that time stated in the contract 
documents, where contract duration is how long the project actually 
took to complete. It is clear from reviewing other research in this 
area that there are difficulties in predicting time. It was decided 
therefore to see what results would emerge if a fairly simple 
approach, with a simple questionnaire were adopted.
Through his research in the seventies in Australia, Bromilow stated 
that:
"Variations are the cause of many problems in building 
contracts and are the source of increase in time and cost 
and concluded that:
Changes during construction are inevitable and must be 
allowed for in planning and carrying out building 
construction".
The problem is one of trying to predict a time period without being 
able to fully anticipate all possible future events. It is easy with 
hindsight to say that the period should have been 6 or 8 weeks longer. 
This research aims to identify the factors affecting the time aspect 
of construction, to suggest which of those could be anticipated at a 
given point during the design procedure and to take account of them in 
the original time calcluation.
An accurate time prediction will avoid any expensive increases in 
funding, will make more economic use of valuable resources and will 
help to keep the client satisfied. This research is presented in the 
following way:
Chapter Two deals with the problems of predicting time and sets out to 
identify those factors which may affect time within broad areas. 
These factors then form the basis of the data collection and 
statistical analysis.
Chapter Three is concerned with the current procedures available 
throughout the world for predicting time and deals with three such 
methods. The three models detailed each adopt a different perspective 
of time; the first is a general model intended for universal 
application (Bromilow); the second is related to a procurement method 
(Heery); and the third is related to a method of construction 
(CLASP). Each method is considered here in detail.
Chapter Four deals with the collection of data and its classification 
into categories. The data were collected by means of a questionnaire 
which resulted in a return of 21 per cent. This was disappointing but 
was considered sufficiently large to carry out an analysis. The data 
were analysed following the stepwise regression proccedure using the 
Statistical Package for Social Scientists (SPSS, Nie et al, 1979). The 
multiple regression analysis shows the strength of the relationship 
between the variables.
Chapter Five looks at the data by describing the variables and 
identifying those which have quantitative values and those which are 
qualitative in nature. The second part of the chapter analyses the 
data as produced using the stepwise regression procedure. Variables 
which are significant to the prediction of time are identified.
Chapter Six concludes this research and attempts to explain why those 
statistically significant variables are so important in the prediction 
of time.
CHAPTER TWO
TIME PREDICTION - THE PROBLEMS
CHAPTER TWO
TIME PREDICTION - THE PROBLEMS
Introduction
Delay in construction means the time overrun beyond the stated 
contract period. For the building owner delay means the facilty is 
not available for use and lost revenues that can never be recovered. 
For the contractor delays means higher direct and overhead costs 
because of the extended period of construction with working capital 
tied up so that he may be prevented from pursuing other contracts. 
Delay usually involves loss on both sides.
A study by F.J. Bromilow was carried out during the period 1964-67 to 
investigate among other things, the differences between the contract 
period and the contract duration. He found that the differences 
between the contract period and the contract duration were substantial 
and much larger than commonly believed, (Bromilow 1969). The survey 
was directed to projects costing more than A$10,000 in value, located 
in or close to Canberra, Melbourne and Sydney with special attention 
to office building. The results showed that of the 329 contracts 
analysed, only 12,5% were completed within the time orginally expected 
and the overall average extra time taken exceeded 40%.
GZ»
The Wood Report (1975) which carried out a survey of 2,000 public 
sector building and civil engineering projects demonstrated its 
results against three performance indicators. One of these is the 
time performance yardstick defined as the percentage difference 
between the original contract period and the contract duration. The 
statistical survey showed that contract periods are set rather loosely 
in that they were set mainly on intervals of three and six months. 
The average time overrun for the whole sample was 17.4% compared with 
the sample for this research of 21% and that of Bromilow's research at 
40%.
The Banwell Report (1964), stated that:
"insufficient regard is paid to the importance of value 
of time and its proper use in all aspects of the project 
from the client's original decision to build, through the 
design stages and up to final completion".
The results of the survey carried out under this research detailed in 
Chapters Four and Five confirm the findings of both Bromilow and 
Banwell. Of 214 Contracts taken from a wide range of environments and 
building types, 41% took longer to complete than orignally stated with 
an average overall extra time taken exceeding 21%. Of the remainder, 
50% were completed on time and 9% were completed early.
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It is clear that the subjective methods used by surveyors for 
predicting contract periods are far from being adequate since it can 
only be expected that 50% of contracts will meet the stipulated 
construction period. As indicated in Chapter Five, in some cases the 
reason why extra time was required is attributable to bankruptcy, a 
factor which could not have been foreseen at the time of predicting 
the contract period. What is not clear, however, is whether such 
bankruptcies were triggered by an unreasonably short construction 
period orginally being stated. Bromilow (1969) found that attempts to 
achieve very short contract periods were generally abortive. This 
chapter aims to identify the problems and the factors affecting that 
prediction.
Stage at which time prediction may be made
There can be a need for time prediction at various stages throughout 
the design. Even at the very earliest stages in the case of the 
developers budget, perhaps before there is any design, or the need may 
not arise until the design is complete. Expectations as to the actual 
date of completion may change as the design and construction processes 
proceed. To predict the time too early with insufficient data would 
be folly. As more information becomes available on the project so a 
more accurate prediction of construction time would be made.
The estimated cost of the project will vary and presumably become more 
accurate as the design develops. A prediction of time based upon cost 
will therefore take account of the improved information through the 
cost of the project. It is possible in this way to be able to predict 
time at almost any stage in the design process with varying degrees of 
accuracy and thus the client can be kept informed of any new 
developments in respect of time. This research is therefore aimed at 
any stage where an estimated cost is available to the surveyor. The 
degree of accuracy of that prediction must however be given in the 
context of the accuracy of the estimate of cost.
Factors affecting time
In order that an accurate prediction of the construction period may be 
made, it is first necessary to identify those factors which may affect 
the construction process adversely or otherwise. Almost every aspect 
of a project will have an effect upon how long it takes from starting 
on site to completion. These aspects can be grouped into four broad 
areas:
(1) physical effects
(2) environmental effects
(3) external effects
(4) managerial effects
10
(1) PHYSICAL EFFECTS
The term 'physical effects' is used here to embrace any factors 
directly associated with the building or land upon which it is to be 
built. Such factors will include:
(a) project type
(b) estimated cost of project
(c) size and complexity
The main physical effects arise from the inherent complexity and 
uncertainty about the building process. Complexity can be seen as the 
technical difficulties encountered in construction and uncertainty as 
unfamiliarity with the proposed scheme. These will inevitably have an 
adverse effect upon the cost of the project and in turn on the time 
taken to construct the building.
Where this complexity and uncertainty can be removed, as in the case 
of the CLASP School Programme, a direct relationship between time and 
cost can be established (see Chapter Three, Nottinghamshire County 
Council model). This inherent complexity is frequently experienced in 
the amount of services installations required such as heating, hot 
water, air-conditioning, gas, compressed air, light, power etc. It is 
expected that an increase in the amount of services required will lead 
to an increase in both time and cost.
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It is clear that the cost of a project has some bearing upon how long 
it will take to construct. The relationship is not thought to be a 
simple one for traditionally constructed buildings, with the greater 
the cost the longer the time. Bromilpw (1969) realised that there was 
a sensitivity of time performance to cost level and in his model, 
detailed in Chapter Three, he expressed this as a constant measuring 
the extent to which additional time is taken during construction as 
projects increase in size measured by cost. It is expected that the 
cost of a project will bear some relationship to the size of the 
project and in this respect cost is being used as a proxy measure for 
size. This may or may not be an accurate assessment of the 
relationship and may in some circumstances not stand true. It is 
however thought that this goes some way to explaining the size of the 
project together with its complexity of construction.
Uncertainty can also be created where there exists an overlap of 
design and construction. Although it could be expected that the 
overall time required for both processes will be reduced, the actual 
construction time and cost are increased in comparison with projects 
where this overlap did not occur (Ireland 1985)
The Wood Report (1975) in applying its time performance yardstick 
identified housing, medical and 'other building' categories as having 
the highest time overrun. Road and education projects conversely had
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the lowest time overrun with education projects most consistently near 
the programme completion date. Clearly the pressures placed on the 
building team by the client have some bearing on the success of the 
project in terms of contract duration and in some cases this can be 
enforced with the cajreful choice o£ procurement method.
(2) ENVIRONMENTAL EFFECTS
The term 'environmental effects' is used here to identify any climatic 
or location factors which may affect the progress of the works. Such 
factors may include:
(a) the time of the year the project commences on site
(b) location of the site
On construction sites in the United Kingdom more delays and loss of 
working time are caused by rain than by other climatic condtions. 
(King 1981). The loss of time depends on the rain duration rather than 
the amount of rainfall. The notable feature of monthly averages of 
daytime rain duration is the low value in the summer months compared 
to winter months. This contrasts with the situation for rainfall 
amount where there is no marked seasonal variation in rainfall totals.
Where the effect of rain on outdoor working time is related to rain 
duration, King (1981) found that rain occupied between 4 per cent and 
7 per cent of daytime hours with rain duration least in the summer
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months. Considerable variations from this are not unusual. In many 
places during the summer there are only an average of two 'wet days' 
per month. A 'wet day' is considered to be one where for a total 
duration of two hours between 0700 and 1700 GMT the rainfall amount is 
at least 0.2 mm in the hour. In terms of duration, while the west is 
wetter than the east, these differences are not large.
The effect, on the construction processes, of rain and other climatic 
conditions is often greater than the duration of the climatic event. 
Outdoor work does not always stop and start in step with the rain. 
For some processes, work may have to be halted for the whole day even 
though the rain is actually falling for less than half this time. It 
has been found that most urban areas have between 30 and 50 'wet days' 
per year. It is important for some purposes to have a day with no 
interruptions by rain, although a very light fall may be tolerated. 
Days where the amount of rain is less than 0.2 mm are considered 'dry 
days' . Similarly it has been found that there are on average between 
210 and 260 'dry days'.
(3) EXTERNAL EFFECTS
The term 'external effects' is used here to include any external 
forces which may affect the project. These may include:
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(a) economic factors
(b) market forces
The effects of a change in the level of economic activity on the 
construction industry are well established and well documented. 
Hillebrandt (1979) defines the relationship of the construction 
industry to the economy in terms of basic supply and demand theory. 
The relationship between contract cost and contract duration is likely 
to change with time as a result of changing levels of activity within 
the industry and in response to the development of new constructional 
and contractual methods.
Organisations in the construction industry exercise less control over 
their market than in many manufacturing industries. Building is 
largely bespoke and as such the industry is less able to shape its 
market or to plan to take advantage of expected market trends. As a 
consequence, organisations in the construction industry face 
uncertainty about the future.
This uncertainty is formalised in two ways. Firstly by lack of forward 
commitment and a threat that resources will have to be redeployed. Not 
only are many construction materials and crafts used by other 
industries, but there is also a significant movement between the 
construction and other industries. Thus, the higher the level of 
activity in those other industries, the more difficult it is for
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additional resources to be attracted into the construction industry 
without causing an overheating of the economy. An overheated economy 
is one where prices are higher than they would normally be, caused by 
excessive demand on a limited supply. These links can mitigate the 
effects of a downturn in construction demand provided that the other 
industries are not also depressed.
The second consequence of uncertainty is that organisations seek to 
obtain more work than would be required if the timing envisaged in the 
programmes of design and construction were realised. As a result, 
construction proceeds much more slowly than justified by the amount of 
work to be completed in the time allowed, with each organisation 
having a stockpile or work to be drawn on when projects are delayed.
(4) MANAGERIAL EFFECTS
The term 'material effects' is used here to identify the role of the 
professionals and contractor personnel in the progress of the works. 
These may include:
(a) procurement method
(b) client
A procurement method is a term used to describe the management 
approach and the conditions of contract in use on building projects.
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Procurement methods are defined as the overall management structure 
and specific management practices in use on a project.
These are determined by the roles played by the participants as well 
as the formal contracts used. The term 'procurement method' has the 
sense of describing the roles of participants, the relationships 
between them both formal and informal, the timing of events and the 
practices and techniques of management in use. Examples of the more 
commonly used procurements methods are: a single lump sum contract on 
a fully documented scheme; provisional or partial quantities; cost 
reimbursement contracts; package deal contracts; management fee 
contracts. The wrong choice of procurement method will undoubtedly 
affect both the final cost and the contract duration time for the 
project.
Any organisation, in order to make the best of it circumstances, must 
arrange its affairs so that the resources deployed are utilised to the 
maximum advanatge. This utilisation of resources is measured in terms 
of productivity. Productivity is crucially affected by the interplay 
between design, which determines the buildability of projects, and 
management which is responsible for allcoating resources and for 
controlling time. A conflict often arises however in that the high 
utilisation of resources can always be achieved by a sufficiently slow 
rate of progress.
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Uncertain control over timing of projects is however one 
characteristic of the construction industry. In occupations as 
fragmented and as interwoven as building, as much affected by site 
conditions and weather, there is an uncertainty surrounding the timing 
of projects.
SUMMARY
In practice the task of predicting time is considerably more complex 
than might be expected. Many things happen to interfere with the 
smooth flow of work: delays occasioned by the weather; by materials 
not being available or by being rejected upon inspection; technical 
hitches like the breakdown of equipment; uncertainty caused by 
inadequate detailing on the part of designers; delays whilst drawings 
are rectified or indeed produced for the first time.
Sometimes main contractors find it difficult to achieve effective 
control, especially when many nominated sub-contractors or suppliers 
are involved. Other disturbances are often external to the parties 
bound by the contract, more particularly where there is a lack of 
co-operation by statutory authorties.
By no means are the time overruns on contract time all the fault of 
the contractor. In many cases it is the client who has a large effect 
on the delay; by stopping work due to cash flow problems or not
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providing the contractor with necessary information when it is 
requested. However, it is the cleint who is left to pay for the cost 
of any prolongation of the contract.
This research addresses many of these issues but acknowledges that 
some will fall outside of the bounds of prediction prior to the 
contract being signed and others are too general to be incorporated 
into a time prediction model. These issues are identified here and are 
such that surveyors, or those attempting to predict time, should be 
aware of their possible implications on time and cost.
1. Contractor personnel
Unless the project is based upon the design and build procurement 
method, it is unlikely that the contractor personnel would be known or 
or even anticipated during the early stages. The problem of 
contractor personnel should be catered for at the tendering stage. A 
good reputation for workmanship and mangerial ability should be high 
in priority when selecting a contractor. All too many contractors are 
selected on the basis of price alone with little attention being paid 
to a proven 'track record' with the client being left to pick up the 
pieces. In the worst event a wrong choice can result in contractor 
bankruptcy which in turn will lead to a significant increase in the 
time element and undoubtedly an increase in cost.
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2. Economy
This will be reflected in the contract sum though again, in 
appraising tenders account should be taken of the effect of current 
market forces on productivity. This is not always a simple task 
of making an analysis of the economy, other factors need to be 
considered. If for example due to overheating of the economy, the 
cost of building increases 10% and the time taken to erect the 
building also increases 10%, then the time cost relationship is not 
affected. Inflation on the other hand may affect cost only, or as 
in the period 1980-84 it may have little if any effect. All these 
factors need to be borne in mind in making such value judgements.
3. Design
An essential component to successful completion appears to be a 
fully designed scheme prior to obtaining tenders. It should be the 
aim of the design team to have a fully detailed scheme at tendering 
stage and if necessary the obtaining of tenders should be delayed 
until such time as the scheme is fully designed. The effects of 
this are shown in this research and are well documented.
20
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CHAPTER THREE
TIME PREDICTION - THE CURRENT METHODS
CHAPTER THREE
TIME PREDICTION : THE CURRENT PROCEDURES
Introduction
The prediction of the contract period is a requirement in producing 
necessary contract documentation. There is normally an obligation to 
provide a statement as to the length of the contract period. This is 
not always the case however as some Local Authority clients ask 
tenderers to quote both the cost sum and the time the tenderer requires 
to carry out the works. This time, if accepted, then becomes the 
contract period. In this case the time is being predicted, but by the 
tenderer and not the quantity surveyor, however it is likely that the 
client would have required some estimation of contract period prior to 
tendering to allow essential financial calculations to be made and to 
provide a check against tenderers estimations. Where there is a 
requirement for time prediction, then it can be considered in one of 
two ways:
1. that the cost of the project depends upon the time at
which occupation is required (stipulated contract period).
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2. that the contract period depends upon the size of the
contract as measured by its cost (estimated contract value).
1. Stipulated contract period.
"It is often, and becoming prevalent, that a stipulated 
contract period is the determining factor of the contract
value, not an unknown factor to be calculated from an estimated 
value" (Barnsley, Snell & Partners, Chartered Quantity Surveyors, 
Private Communication 1983).
This consideration does not require a prediction of time, rather it 
requires a skill on the part of the design team in designing the 
project so as to meet the often stringent time limits imposed by the 
client. The effects of an imposed contract period may, if 
particularly restrictive, be reflected in the cost of the project. 
This procedure is sometimes adopted where, for commercial or other 
reasons, a project is required for occupation on a set date.
This method is not of concern to this research as there is no specific 
requirement to predict time. The contract period has been 
pre-determined with the imposition of a completion date by the client.
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2. Estimated contract value.
It is this aspect of the time/cost relationship to which this research 
is addressed. Atkin (1986) found that quantity surveyors are now, more 
and more, being called upon to give advice on the duration of projects, 
as well as their costs. The prediction of time, however is often 
thought to be an ability gained solely through experience.
"The relationship between time and cost depends 
solely upon the ab ility of the people who are in 
control of the various aspects of the contract. 
The judgement of this is an art exercised by 
professional and businessmen, and acquired by 
experience and intelligence. It cannot be reduced 
to a statistical model".
(Foster & Emery, Chartered Quantity Surveyors, 
Private Commuinication, 1983)
Research has shown, however, that the prediction of time is possible 
using statistical models. It is apparent that this non-systematic 
approach to predicting time is widely used within the profession. The 
most common approach to time prediction looks at the average amount 
spent per month and the time taken per 100 square metres of floor area
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for a few recent contracts and interpolate, extrapolate and average to 
arrive at an estimate of time. A Study performed by the RIGS (1979) 
found through an analysis of a sample of office buildings that the rate 
of construction per square metre of gross floor area was 157.5 sq. m. 
per week. Such estimations are shown to be very unsatisfactory 
(Bromilow 1969). A more accurate prediction will be made using an 
applicable systematic method utilizing relevant information thereby 
predicting time with certain confidence.
The following is a descriptive review of the research undertaken and 
the resulting methods for predicting time.
THE BROMILOW MODEL
The Building Research Division of the Commonwealth Scientific and 
Industrial Research Organisation (CSIRO), under the direction of Dr. 
F.J. Bromilow, undertook a great deal of research into the problem of 
time prediction in the late 1960 ! s and 1970's. Their investigations 
have revealed that for the vast majority of projects, the estimated 
contract periods initially stated were found to be far below the actual 
times taken to completle the projects (Bromilow 1969). 
It was found that when completed times written into contracts are 
compared with what is actually happening, it becomes clear that the
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main reason why so much excess time appears to be required in some 
cases is because contract completion times tend to be rather 
optimistic, rather than because of fundamental differences in time 
requirements. Bromilow's results show that the writing in construction 
times known to be inadequate in hopes of spurring the contractor to 
greater endeavours, has little influence on the time actually taken in 
practice.
He concluded through his research that "attempts to achieve very short 
construction periods were generally abortive; no matter how short a 
time written into the contract, the actual result seems still to be 
much the same as it would have been anyway." (Bromilow 1969).
Following his research in 1969, Bromilow (1977) identified three stages 
from inception of the scheme through to practical completion. These
are:
i Design and Documentation (pre-tender)
ii Tendering (calling, preparation, submission and
evaluation of tenders) 
iii Construction (from acceptance of the contractor to
the practical completion of the works)
27
The model produced and explained later in this chapter, is applicable 
only to stages (i), design and documentation and (iii), construction. 
For stage (ii), tendering, Bromilow calculates the period based on a 
range of 30-60 days plus the actual time allowed for tendering.
Methodology
The Bromilow model is applied using the equation T=KC . It describes 
time where,
T = time required in working days
K = a constant describing the general level of time
performance for A$l million project. 
C = estimated cost of the project in millions of
Australian dollars adjusted to the 1972 cost figure, 
b = a constant indicative of the sensitivity of time
performance to cost level.
Constants K and b are calculated from the analysis of 309 contracts 
during the 1969 survey by Bromilow. Time taken is plotted against the 
final cost of the project. The graphs produced, Figures 1 and 2, 
relate to stages (i), design and documentation and (iii) construction 
respectively. They indicate the average performance (line X-X) and the
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upper and lower quartile limits (marked Q-Q). The graphs are 
represented using logarithmic scales thus avoiding the overcrowding of 
the relatively large number of A$10,000 to A$l,000,000 contracts in the 
lower left hand corner of the figure. Constant b is a measure of the 
extent to which additional time is taken during construction as the 
projects get bigger.
The equation T=KC is then applied to the stages (i) design and 
documentation and (iii) construction as follows:
(i) Design and Documentation
T = KCb where K=270 and b=0.18
T = 270 C
This will give the average time allowance for design 
and documentation obtaining the constant K from the 
average line X-X. Should problems be an .ticipated, 
then for constant K the upper quartile limit figure 
Q-Q of 370 should be used.
Similarly, the most reasonable expedited time can be 
calculated using the lower quartile figure Q-Q of 210 for 
constant R.
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FINAL COST OF PROJECT ($ million)
FIGURE 1
Construction time (up to practical completion) as function of cost 
(Adjusted to labour and material prices at September 1972)
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FINAL COST OF PROJECT ($ million)
FIGURE 2
Time taken for design and documentation as function of cost 
(Adjusted to labour and material prices at September 1972)
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(ii) Construction
This will give the average time allowance for 
construction obtaining constant K from the average line 
X-X. Should problems be anticipated then for 
constant K the upper quartile limit figure Q-Q of 407 
should be used. Similarly the most reasonably 
expedited time can be calculated using the lower qoortite. 
figure Q-Q of 250 for constant K.
For some years industry co-operation was sought to monitor the time 
performance of building contracts on an on-going basis. The task was 
accepted by the Australian Institute of Quantity Surveryors (AIQS) as a 
service to the industry as a whole. A committee was formed representing 
private and government sectors of the AIQS and members of the CSIRO 
with the objective of investigating the performance of the above model.
The AIQS monitored projects through the period 1970-76 (AIQS, 1980) and 
during this time a total of 419 projects were surveyed, some 70% being
32
government projects and the remaining 30% being private ones. The 
results showed that the type of equation reported in 1969 by Bromilow 
in an attempt to define the industry's actual time performance with 
regard to construction time, still applied.
The AIQS noted through their monitoring that the constant K made a 16% 
increase since 1969. It explained this by indicating that projects 
completed after 1974 would have been affected by the overheated economy 
of 1973 with its shortages of materials, skilled labour and managerial 
expertise and its extensive delays arising from disputes on labour 
matters. The sensitivity factor b'remained the same at 0.30 as the 
time/cost relationship would not have changed through the overheating 
of the economy.
Bromilow (1971) found that the average amount of time actually absorbed 
during construction could well be defined as a function of the building 
cost and that, surprisingly, this function was not sensitive to a 
particular type of building. The Bromilow model therefore ignored the 
form of construction, the method of construction, regional price 
variations and meteorological factors. This may well be the case in 
Australia but the indications are that in the United Kingdom some, if 
not all of the above points, have some bearing on the time taken for 
constructing a project. This research will show which factors are 
sensitive to predicting time and the relative importance of each of 
them in that calculation.
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THE HEERY MODEL
Heery (1975) proposed and described a definitive system for time and 
cost control that can be applied within any given programme of 
requirements, quality level or design goal. He argues that it is 
possible for architects, engineers and construction managers to exert a 
highly acceptable degree of control not only over the cost of building 
construction but also over the time required for the design and 
construction process. This time/cost control system has been 
effectively on a variety of projects both in the United States and 
throughout the world.
The time/cost control is seen as having strong links with architectural 
design. Both are indigenous parts of the process which create 
architecture. The time/cost control system began in the mid 1950*8 and 
had been developed as a definable method by 1961. It was seen as a 
development and improvement upon the traditional design and build 
method of procurement.
The Heery model (the time/cost control system) involves seven basic 
components that are either additions to or modifications of the 
traditional architectural service. These components are:
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(a) pre-design project analysis
(b) systems approach to design
(c) an integral cost control system
(d) time control contract provisions
(e) scheduling and information systems
(£) bid and negotiation management
(g) management of contracts and construction
The time/cost control system which comprises the above seven components 
is merely a structured design and construction management service. The 
system is simply a series of interrelated procedures that suit the 
American design/construct process. The system falls into two distinct 
parts:
(a) - (b) : pre-contract design 
(c) - (g) : construction
The system relies on the 'manager 1 adhering rigidly to each of the 
components relative to the design or construct stage. The two parts 
can be considered independently or together.
Time control and project acceleration is accomplished by a series of 
recommended actions outlined below. These embody the basic philosophy 
of the time/cost control system.
(1) analyse the client's purchasing power and obtain bids 
for, or negotiate, construction contracts as required.
(2) identify the constraints relative to site, design, 
construction, client and any formal approvals.
(3) schedule all design and construction actvities,
identifying critical requirements based upon constraints 
identified under (2), the desired occupancy date or 
earliest feasible date. Any contingency time for likely 
extensions should be allowed.
(4) if possible, award early any construction contracts
that can be undertaken whilst the design is completed.
(5) avoid any unnecessary phasing of the works.
(6) use procurement methods that are carefully tailored to 
the individual project and client.
(7) ensure that there is adequate competition whenever 
bidding is employed.
(8) centralise contract administration via the construction 
man ager.
(9) be diligent and resourceful throughout.
The constraints in a project (its design, schedule and construction 
management plan) will determine the feasibility of scheduled beneficial 
occupancy and final completion dates.
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It is a basic concept of the time/cost control system that the 
construction contract format should always be kept in its simplest and 
most definitive form. In the United Kingdom, far from becoming 
simpler, construction contracts are becoming more complex whilst 
endeavouring to encompass all eventualities.
The Heery time/cost control system has been in existence for more than 
twenty five years. Its use has been limited to projects controlled 
by the Heery architectural practice though apparently with success. 
There has been no independent analysis of the system as used and it's 
success is only as indicated through the Heery practice. The nearest 
equivalent system in the UK is the design/build method of procurement. 
The Heery model does not, in essence, purport to be an all embracing 
system and it is acknowledged (in step (3) outlined above) that there 
will inevitably be extensions to the predicted contract period. The 
time/cost control system does not seem to be specifically concerned 
with time prediction, rather it appears to be a model for controlling a 
project.
THE NOTTINGHAMSHIRE COUNTY COUNCIL MODEL
Nottinghamshire County Council, which is a member of CLASP (Consortium 
of Local Authorities Schools Programme), have produced a procedural 
guide to contract periods for basic CLASP construction. This guide 
forms part of the County Architect's Contract Administration Handbook 
and is inserted into all CLASP contract documentation.
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CLASP follows an industrialised construction system employing standard 
units developed by the Nottinghamshire County Council. The contracts 
are let through selective list competition and as such there is an 
element of experience of the form of construction with an apparent 
reduction in the resulting construction period. This being so there is 
seen to be a direct relationship between time and cost.
The following is a guide issued by the clasp to contract periods based 
upon estimated contract value as applicable in 1983:
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Estimated Contract Value
(in pounds)
Contract Period
(in months)
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Exceeding
Not exceeding
75 000 not exceeding
100 000 not exceeding
150 000 not exceeding
200 000 not exceeding
250 000 not exceeding
400 000 not exceeding
500 000 not exceeding
600 000 not exceeding
700 000 not exceeding
800 000 not exceeding
900 000 not exceeding
1 000 000 not exceeding
1 100 000 not exceeding
1 250 000 not exceeding
1 500 000 not exceeding
1 750 000 not exceeding
75 000
100 000
150 000
200 000
250 000
400 000
500 000
600 000
700 000
800 000
900 000
1 000 000
1 100 000
1 250 000
1 500 000
1 750 000
2 000 000
4*
5*
6
6.5
7
7.5
8
9
10
11
12
13
14
15
16
17
18
* The period between contract signing and date for possession to be of 
sufficient length to allow materials and components to arrive on site 
and avoid delays. The short contract period requires the project to 
be fully designed prior to invitation to tender.
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These periods have largely been determined by the delivery periods 
required by the nominated suppliers for CLASP components. It is 
acknowledged that these stated periods can only be applied to basic 
CLASP construction and may require some adjustments. In making any 
adjustments, considertion should be made of the following:
(1) construction other than CLASP
(2) inclusion of any alteration works
(3) site restrictions/difficulties
(4) high services element
(5) phased working
(6) works comprising several buildings on one site
(7) complexity of the project
(8) extensions to existing buildings
(9) holiday periods
(10) special client requirements
(11) statutory/client restrictions
(12) delivery periods of any special components
Although there is a basic guide to contract periods given, the very 
nature of construction work and its uniqueness means that for the 
majority of contracts, at least one of the above will always occur. 
There is no guidance on additions to the basic period, once again this 
is left to the discretion of the architect or quantity surveyor.
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this guide has apparently been successful and is still in operation. 
The experience found by the NCC is that it is suitable only for the 
experienced contractors invited to tender. It appears to be essential 
that the contractors have an experienced working knowledge of the CLASP 
construction system in order that they can meet the demanding time 
schedule imposed on them. Its limitations of use precludes it from 
being used outside of the CLASP programme.
SUMMARY
The models identified here each have their own inherent strengths and 
weaknesses. However, they each identify areas which can be subsequent 
causes of an increase or a decrease in the contract duration. The 
Bromilow model is a general one, not restricted to any particular 
building type or method or procurement though it would appear to be 
limited to use in Australia. The Heery model is related to a 
procurement method not dissimilar to the design/build system used in 
the United Kingdom. It is restrictive and rigid and appears not to 
have been adopted by the American construction industry nor by the rest 
of the world. The CLASP model is related to construction method and is 
restricted only to CLASP developments. It provides a simple time/cost 
relationship based largely upon experience and feedback taking little 
account of other factors that may affect time.
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The time/cost relationship is a complex one that has attracted few 
research studies. In each model identified above, cost appears to be 
the most useful and reliable predictor of time indicating that the 
hypothesis of cost being a measure of both size and complexity is a 
valid one. It is with this in mind that cost be the basis for 
predicting time in the model for this research.
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CHAPTER FOUR
TIME PREDICTION - THE SURVEY
CHAPTER FOUR
TIME PREDICTION - THE SURVEY
Introduction
The factors which affect time and the problems of predicting time have 
been identified in Chapter Two. The objective was to collect 
sufficient data to produce a reliable statistical analysis. The 
success of the research would depend largely upon the co-operation of 
the practising professional quantity surveyor. There are, amongst 
others, two large organisations which maintain a comprehensive data 
bank on the cost and time of construction projects. These are the 
Milton Keynes Development Corporation (MKDC) and the Building Cost 
Information Services (BCIS) of the Royal Institution of Chartered 
Surveyors (RIGS). If the survey did not produce sufficient data then 
it would be necessary to supplement the survey data with additional 
data from the MKDC and the BCIS. These two organisations both gave 
their approval to this support though in the event it did not prove 
necessary to supplement the data.
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The Pilot Survey
It was decided to attempt to collect the data through the use of a 
questionnaire. This was considered to be the most economic use of 
resources available. As is common with the use of questionnaires, it 
was decided first to test the form in the field before conducting the 
survey proper. Should it prove to be successful at the first attempt, 
then the pilot survey would provide a proportion of the total data 
used; if not, then it would save a lot of wasted time.
In designing the pilot survey questionnaire, a number of psychological 
factors were employed:
(a) It was considered important to keep the questionnaire as 
brief as possible, thus acknowledging the importance of the 
maxim 'time is money 1 in a professional office.
(b) The optimum physical size would be one sheet of A4 sized 
paper, with all the questions being self-explanatory, thus 
eliminating the need for an introductory sheet.
(c) Recognising that this was a pilot survey, an opportunity was 
given for the recipient to comment on the format of the 
questionnaire.
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After several attempts, the attached questionnaire (Figure 3) was 
produced. A word processor was employed to produce a personal letter 
to accompany the questionnaire. As an incentive to respond, each 
practice was informed that they would receive a brief report outlining 
the findings of the research and that subsequently, should any 
computer software become available, they would be notified in advance.
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4. 




3. 
FigureS.: The Accompanying Letter to the Questionnaires.
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Figure 8 Regional Factors
STANDA-RD STATISTICAL 
REGIONS
Showing Regional Factors
based on national
average = 1.00
SCOTLAND 
0.99
NORTHERN
IRELAND
0.81
NORTHERN 
0.99
YORKSHIRE & 
HUMBERSIDE
NORTH
WEST
1.03
EAST
MIDLANDS 
0.94
WEST
MIDLANDS EAST ANGLIA 
0.92WALES 
1.02
SOUTH EAST 
1.07
SOUTH WEST 
0.94
'The Royal Institution of Chartered Surveyors 1981
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APPLICATION OF THE EQUATION TO A RANDOM OF QUESTIONNAIRES 
CALCULATED ORIGINAL ACTUAL 
(WEEKS) (WEEKS) (WEEKS) 
HOUSING 
H4 68 36 82 
H17 125 108 152 
H37 57 40 42 
H56 80 91 104 
H69 71 65 100 
H79 82 72 80 
INDUSTRIAL 
II 94 144 87 
115 44 36 29 
121 81 39 51 
COMMERCIAL 
C21 114 69 82 
C29 248 156 289 
C36 78 96 120 
C44 48 50 54 
EDUCATIONAL 
E2 80 56 87 
E7 77 56 53 
MEDICAL 
M3 77 66 83 
RECREATIONAL 
R2 100 96 110 
TRANSPORT 
T1 46 20 41 
SUNDRY 
S4 87 70 72 
S10 82 74 92 
What appears to be clear from the testing of the equation is that 
where an unrealsitic time is stated in the contract documents, this 
leads to a time well beyond that calculated using the equation. This 
is in line with the findings of Bromilow (refer Chapter three). 
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CORRELATION COEFFICIENTS 
A VALUE OF 99.00000 IS PRINTED 
IF A COEFFICIENT CANNOT BE COMPUTED. 
C1 C2 C3 C4 C5 (6 C7 C8 C9 (10 C11 C12 
C1 1.00000 -.13052 99.00000 .05611 99.00000 -.01948 99.00000 .09419 -.05611 99.00000 99.00000 99.00000 
(2 
-.13052 1.00000 99.00000 .10782 99.00000 -.13011 99.00000 .45939 -.10782 99.00000 99.00000 99.00000 
(3 99.00000 99.00000 1.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 
C4 .05611 .10782 99.00000 1.00000 99.00000 -.78557 99.00000 .19385 -1. 00000 99.00000 99.00000 99.00000 
(5 99.00000 99.00000 99.00000 99.00000 1.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 
(6 
-.01948 -.13011 99.00000 -.78557 99.00000 1.00000 99.00000 -.15229 .78557 99.00000 99.00000 99.00000 
C7 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 1.00000 99.00000 99.00000 99.00000 99.00000 99.00000 
(8 .09419 .45939 99.00000 .19385 99.00000 -.15229 99.00000 1. 00000 -.19385 99.00000 99.00000 99.00000 
(9 
-.05611 -.10782 99.00000 -1.00000 99.00000 .78557 99.00000 -.19385 1.00000 99.00000 99.00000 99.00000 
(10 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 1.00000 99.00000 99.00000 
(11 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 1.00000 99.00000 
C12 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 1. 00000 
C13 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 
C14 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 
C15 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 99.00000 
(16 .33920 .15259 99.00000 .00550 99.00000 .01527 99.00000 .07010 -.00550 99.00000 99.00000 99.00000 
C17 .01302 .12088 99.00000 -.18707 99.00000 .23814 99.00000 -.03626 .18707 99.00000 99.00000 99.00000 
C18 .01150 -.12726 99.00000 .01027 99.00000 -.06032 99.00000 -.05846 -.01027 99.00000 99.00000 99.00000 
C19 .30733 -.07894 99.00000 .13533 99.00000 -.10631 99.00000 -.03626 -.13533 99.00000 99.00000 99.00000 
(20 -.04339 -.07894 99.00000 .13533 99.00000 -.10631 99.00000 -.03626 -.13533 99.00000 99.00000 99.00000 
C21 .21244 .40209 99.00000 .08348 99.00000 .02548 99.00000 .47809 -.08348 99.00000 99.00000 99.00000 
C22 -.24114 .02193 99.00000 -.01769 99.00000 -.15119 99.00000 -.08058 .01769 99.00000 99.00000 99.00000 
C23 -.08585 -.02193 99.00000 -.04599 99.00000 .11717 99.00000 -.06447 .04599 99.00000 99.00000 99.00000 
.C24 -.15621 -.07894 99.00000 -.18707 99.00000 .23814 99.00000 -.03626 .18707 99.00000 99.00000 99.00000 
(25 .13066 -.17541 99.00000 -.01769 99.00000 -.06614 99.00000 -.08058 .01769 99.00000 99.00000 99.00000 
(26 .06559 -.14478 99.00000 -.07433 99.00000 .04800 99.00000 -.10419 .07433 99.00000 99.00000 99.00000 
C27 -.07867 -.09730 99.00000 .03434 99.00000 .01048 99.00000 -.04470 -.03434 99.00000 99.00000 99.00000 
(28 -.11451 .04363 99.00000 .19771 99.00000 -.22119 99.00000 -.07545 -.19771 99.00000 99.00000 99.0000.0 
C29 -.04666 .14722 99.00000 .02906 99.00000 -.06142 99.00000 .06763 -.02906 99.00000 99.00000 99.00000 
C30 .72965 -.08612 99.00000 .04549 99.00000 -.03611 99.00000 -.02405 -.04549 99.00000 99.00000 99.00000 
(31 .59052 .13905 99.00000 .05247 99.00000 -.08276 99.00000 .26714 -.05247 99.00000 99.00000 99.00000 
(32 .00679 .03141 99.00000 .20273 99.00000 -.12440 99.00000 .10921 -.20273 99.00000 99.00000 99.00000 
(33 .19606 -.15200 99.00000 -.01057 99.00000 .03162 99.00000 -.00482 .01057 99.00000 99.00000 99.00000 
C34 -.07623 .05496 99.00000 .00261 99.00000 -.12817 99.00000 -.09505 -.00261 99.00000 99.00000 99.00000 
C35 .21498 .09648 99.00000 .04953 99.00000 .01512 99.00000 .15311 -.04953 99.00000 99.00000 99.00000 
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